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(54) Title: SUBSCRIBER TERMINAL FOR WIRELESS TELECOMMUNICATIONS SYSTEM 
(57) Abstract 



The present invention provides a sub- 
scriber terminal for communicating over a wire- 
less link with a central teiminal of a wireless 
telecommunications system, the subscriber ter- 
minal comprising a first signal processing unit 
(110) associated with an antenna (100) to trans- 
mit and receive signals over the wireless link at 
first frequencies widiin an operating frequency 
band. The first signal processing unit com- 
prises a frequency converter for converting sig- 
nals between said first frequencies and a sec- 
ond frequency. Further, a second signal pro- 
cessing unit (130) is provided remote from the 
first signal processing unit and associated with 
an item of telecommunications equipment (150) 
to pass signals between said item of telecommu- 
nications equipment and the first signal process- 
ing unit. The second signal processing unit is 
formed from signal processing circuitry which 
is independent of the operating frequency band 
via a connection medium (120). 



100 



110 



RF Block 



Customer 
Antenna Unit 



^105 

RF Antenna Cable 



U-120 
Drop Cable 



DC Power Supply Cable 

r 

145 



155- 




• 140 



AC Adaptor 



Customer 
Modem Unit 



<WO 9927720A1_I.> 



"^'^ q \'Z /\ iL. il:,, }: ; , ^ 



FOl? r^ffi PURPOSES OF INFORMATION ONLY . r . . 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 




Spain 


LS 


Lesotho 


AM 


'Annenia 


FI 


Finland 


LT 


Lithuania 


AT 


Austria 


FR 




LU 


Luxenibomg ' 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


AZ 


Azerbaijan 


GB 


* Unitjed. Kingdom - - ' 


• - . MC 


Monaco , , 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


* MD 


Republic of MoFdova 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


BE 


Belgium 


GN- ' 


Guinea 


MK 


' The former Yugoslav 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


BG 


Bulgaria 


HU 


Himgaiy 


ML 


Mali . _ : 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


BR 


Brazil • 


IL 


Israel- 


MR 


Mauritania 
Malawi* ■ 


BY 


Belarus 


IS 


Iceland 


* MW 


GA ■ 


Canada 


IT 


Italy.. 


MX 


Mexico 


CF 


Central African Republic 


JF 


Japui 


NE 


'Niger 


CG 


. Congo 


KE 


Kenya 


NL 


Netherlands 


CH 


Switzerland 


. ' KG 


■ Kyrgyzsian' 


NQ. 


Norway 


CI 


C6ic dUvoire 


KP 


Democratic People's 


NZ 


New Zealand 


GM 


Cameroon 




. Rqmbtic of Korea 


PL 


Poland 


ON 


China 


KR 


Republic of Korea 


PT 


Pditugal 


cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 


cz 


Czech Republic 


LC 


Saint Luda ' ' " - • 


RU . 


• -Russ ian FBderaudn .'V 


DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 


DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 


EE 


Estonia 


UR 


Liberia 


SG 


Smgapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Seitegal 


sz 


Swaziland 


, TP 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM.. 


t * Turtonenistan 


TR 


Turkey 


- TT 


, • Trinidad and Tobago 


DA ' 


Ukraine 


UG 


Uganda 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


ZW 


> Zimbabwe 



wo 99/27720 PCT/GB98/03420 



SUBSCRIBER TERMINAL FOR WIRELESS TOLECOMMUNICATIONS SYSTEM 



FTFLD OF TH E INVENTION 
5 The present invention relates generally to wireless telecommunications 

systems, and more particularly to subscriber terminals for wireless 
telecommunications systems. 
BACKGROUND OF THE INVENTION 

A wireless telecommunications system has been proposed in which a 
10 geographical area is divided into cells, each cell having one or more central terminals 
(CTs) for communicating over wireless links with a number of subscriber terminals 
(STs) in the cell. These wireless links are established over predetermined frequency 
channels, a frequency channel typically consisting of one frequency for uplink signals 
from a subscriber terminal to the central terminal, and another frequency for 
15 .downlink signals from the central terminal to the subscriber terminal. 

The system finds a wide variety of possible applications, for example in rural, 
remote, or sparsely populated areas where the cost of laying permanent wire . or 
optical networks would be too expensive, in heavily built-up areas where conventional 

. wired. systems^arfi„at iuU„capaci^ 91 Jl^^ post of laying such systems would involve 

20 too much interruption !tp the ejcisting infrastructure or be too expensive, and so on. 

In one embodunent, the central terminal may be connected to a telephone 
network and exists to relay messages from subscriber terminals in the cell controlled 
by the central terminal to ^the telephone network, and vice versa. By this approach, 
. an item of telecjorrmiuriiciations equipment coimected to a subscriber terminal may 
25 • make an outgoing call to the telephone network, aiid may receive incomingwcalls from 
['/ the telephone network. 

However, such a.wirelejss teleconmiunications system is not restricted to use 
with telephone signals, but could instead handle any other appropriate type of 
teleconununications signal, such as video signals, or data signals such as those used 
30 for transmitting data ov^r the Internet, and in order to support new technologies s.iich 
as broadband and -Yitieo-on-demand technologies'. ; 
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. . Figure 1 illustrates an example of a typical prior airt " configuration for a 
subscriber terminal for such a wireless telecommunicatibni 'system. Figure 1 includes 
. a schematic representation of customer premises 22. A- tustomer radio unit (CRU) 
.24^\vould typically be mounted on the ^customer's premises and may include a flat 
5 . panel antenna or the like 23. The customer radio unit is mounted at a location on the 
custorner's^ premises, or on a mast, etc, and in a:n orientation such that the flat panel 
antenna 23 within the customer radio unit 24 faces in- the direction 26 of the central 
terminal . for the service area in which the customer 'radio unit 24 is /located: 

, . The customer radio unit 24 is' typically 'conride\ed' v^^ line 28 to a 

10 : - power supply unit (PSU) 30 within the custb'mer's preniises'. -The power supply unit 
. 30 is .connected to the local power supply for providing -poWer to the customer radio 
. unit 24, and to a network terminal liriit (NTtjy32l The cuStornerTadio unit is also 

- eonijected yia the power supply unit SO' to ' the hetwbrlc terminal unit 32, .which in turn 
, is connected to teleconimunications equiprneht in 't^^^^ for 

1.5 , .example to one or more telephones 34, Tacsimile 'machiheis- 36 arfd computers 38: The 
; , telecommunications equipment is represented as being within a single customer's 
premises. However, this need not be the case, as' tiie^ subscriber terminal 20 may 
support more than one line, so that 'd' number '^ ^f - 
telecommunications equipment could be suppbrted by a single subscriber.terminal 20 . 
20 The. subscriber terminal 20 can also be' arranged "to support analog and digital 
: conmiunications, for example analog communications at 16, 32 or-64Kbits/sec or 

- digital conmiunications in accordance with the ISDN BRA standard. 

The CRU 24 typically includes all of the necessary processing circuitry to 
. . convert incoming wireless teleconununications signals into signals recognisable by the 
25 items of telecommunications equipment, and also to convert such signals from those 
items of telecommunications equipment into wireless telecomjiiunications signals for 
transmission from the antenna 23. • • - * ^ . . - ; ; , 

A significant problem with tiiis approach is that the CRU 24, is an expensive 
item of equipment to replace. Since this is generally located on .the outside of the 
30 customer's premises, it is prone to theft. In addition, all of* the components within 
the CRU 24 have to be able to withstand the exposure to vai;yihg climatic conditions 
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that arise as. a.result-Gif the.CRU 24 being mounted externally. For example, the 
- components .must- ;be able to withstand significant variations in temperature, and 

variations in huniidjty . 

Hnwevier, qne^ reason why the CRU 24 has previously included all of the 
5 ' necessary .processing circuitry, to convert incoming wireless telecomiliunications 

signcils.into signals, recognisable by the items of teiecommunlcatiohs equipfrient is that 
■' • it reduces; the technical cpinplexity of the subscriber terminal to have' all of the 

processing circuitry, ir|- one l^ousing. 
■ ' *' :;'.Eurth^rv problems with- attenuation of the wireless signals transmitted between 
10 - the central rte'rminal and the subscriber terminal, and vice versa, have previously 
"* dictated;:tha.t .the processing circuits of the subscriber terniinal should be located 
* physically .cjosg, to .the antenna -23, To illustrate this, it will be appreciated that a 

signal trainsmitted from , the. central terminal at a predetermined 'power level will be 

• - i attenuated as., ij -is propagated. to the anteiina 23 of the subscriber terminal 20. Once 
15- the-signal has :been received by the antenna 23, there will also be further attenuation 

• within-.the'f§ub5Griber...tenninal ^as the signal is passed frbrh the' kntehna to the 
^ ' processing cire:uits.jj/ithin the subscriber terminal. " Clearly,' the fiifther away those 

^''-^pEOcessing;cii;Cuits. fire irom the a then the greater the attehtiation is likely to 

'be.. A: signal strength threshold will be determined below which a signal cannot be 
20^ ^processed' by the processing circuits . within the subscriber terminal 20. Hence, in 
order to improve the range of the \yireless telecommunications system, it has been 
considered advisable to. minimise the distance between the antenna 23 and the 
processing circuitry of the subscriber terminal provided to process that received 
. signal. 

25 • ■ 2. - The above, requirements have led to the development of subscriber terminals 
such as those illustrated in Figure 1, in which an expensive customer radio unit 24 
engineered to withstand exposure to varying climatic conditions has been mounted on 
the exterior of a subscriber's premises. 
SUMMARY OF THE INVENTION ' 
30. . Viewed from a, .first aspect, the present invention' provides a subscriber 

' • terniinad- for co.mmunicajing over a wireless link with a'central terminal of a'wireless 
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telecoriimunications system; • the subscriber terminal. ,Qpmprising: a first signal 
processing unit associated with an antenna to transmit and receive signals over the 
wireless link- at first frequencies within an operating frequency band, the first signal 
processing unit Comprising a frequency converter for converting signals between said 

5 first frequencies and a second frequency ; a second signal processing unit remote from 
the first signal prbcessing unit and associated with an item of telecommunications 
eqiiipmeht to pass" signals between said item of telecommunications equip^ient and the 
firk sign'ar pfocessirig uriit^^^^ processing unit being formed from 

signal processing circuitry which is independent of the. operating frequency band, the 

10 signals being passed between the fnst^signaLprocessing .unit and^ the second signal 
processing Unit at the' Second-frequency i via. a corm mediuni connecting the first 
and *s6cbftd signal prdcessihg units i" Ai::r . . o . - . . .^^ . . 

Itf afccorflance with the present iayention,, the, ^ubsprit^e^r terminal comprises 
two' distinct sigriarprocessing:^ unit being associated 

is vvith ah 'aiitenhi'^pf 'the' su^^ second signal processing unit 

being associated ^with "an"-ftem ofi:telecjDnMnu^^^ connected to the 

' ' subscriber* terrhinar*''- ■Signals* ate traHsrni^^^^ antenna, and received by the 

antenna, via a wirSIess link' aT^first frequencies .within an,ope:rating, frequency band. 
In accordance with the ^present invention, . the first signal pipcessing. unit comprises 

20 a frequency converter for converting signals between said first frequencies and a 
second frequency. Typically,: the .second frequency will be less than the first 
frequency. " 

The first and second signal processing units are connected via a connection 
medium, and the telecommunications signals are thea passed between the first and 
25 second "sigriar processing units' via the connection mediuni at the second frequency. 

"Given this approach,- the second- signal processing , unit can then be formed 
frdrn signal processing circuitry which, is ijidependent of the operating frequency 
band. Hence, the same second signal processing unit can be used, irrespective of the 
ope'rating frequency band used for the wireless communications between the 
3*0 " subscriber terminal arid a central terminal. Further, the above approach significantly 
reduces the amounts of circuitry ^required within.the .first _signal processing unit 
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associated with 'thfe'^itHtehha; ' thereby reducing the complexity;,of .the. first signal 

processing unit. " ■' ' • . 

The actual Vocation of the first and second signal processing units within the 

Subscriber's 'pfemisei^ Ms matter of installation choice-; .However,. since the first 

5 signal processing uniV is associated with the antenna, it is likely. to^be,q:iounted. close 
:*::_, ....... . ^ . ' ' " ' ■ 

to the antenna, and ^o is likely to'be mounied externaljy., In.^si^ph m en^bodiment, 

the subscriber terminal bf the present^ indention .offers- srgnifi oyer the 

prior art; since the first' signal piicK:essmg'.unit.e:oAtain5 significantly less processmg 

circuitry th'aii the'busloin'eV radio* iaaii;o;f' the pritDcr .art subscriber .teriuinal.^ Indeed, 

lOf a significant amoi/n^^^^ performed .within the 

customer' radio XiAit'is ih'accordaned-withitheipresem iiiyention^performed wto the 

second signal processing unit associated wWithj the. item of ^. telecommpnic^^^ 

equipment' kssilicriing'fee first 'SigMl processing unit Js ijianufactured to withstand 

external usej theri 'tlie'conlpdn^nf the .firsJiSignaKproce^sing^, unU wU^ have to 

15 be^able to^'withsta'nd the exposure ^fef^ vary ing cliijijatic conditions^iii .the . same way that 

the components within 'the cuStomeffadio^uhit of jthe, prior art^subscriber terminal had 

to withstand thoSfe'^i1ilna(tic'c^^^ first, signal processing unit 

' has^significdMy^^'fe a first signal processing 

unu "with the necysary specifications than it is to produce, a custonjer radio unit of 

20 the prior art. ' * ' ' ;* . ; .: . .. 

Given thait' the first signal processing unit is cheaper than the customer radio 

unit of the prior art, then it is also less prone to theft than the customer radio unit of 

the prior art subscriber t^iminal:; : . . • ; , 

As iribhtioned 'earlier,- therexact jQcation of the first and second signal 

25 * processing' uriits^' is ' a ' matter • of installation choice . Hpwever, in preferred 

* embodiments, the first signal processing unit js arranged to, be mounted on the 

exterior of a subscriber's premises, whereas the second signal processing unit is 

arranged to bt located within the subscriber's premises. 

Since 'the first signal processing unit is intended in preferred .embodiments to 

30 be mounted oh the exterior of 'a subscriber's premises,, then it needs to be 

' hlariufacnired to' an appropriate specificatioij which \yill.ens;ure. satisfactory operation 
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of the' first signal processing unit when mounted : externally.; Examples of 
environmental ' issues which would typically be taken into . consideration when 
designing" the first signal processing unit are temperature variation, humidity, 
cbirrdsibh,' protection against the ingress of moisture, : vibration,« etc. 
5 • ' Hb^'ever; in preferred embodiments, the second, signal processing j unit is 
arranged to be located within the subscriber's premises, and hence does not need to 
'be'mahiifactured'to such a high -specification. 'Whilst the same^general environmental 

issues are again likely to be considered when designing the second. signa_L processing 

' { , . . ^ .... I. 

unit; it is clear* that the 'enviroiinienYal issues are unlikely t:o>:plaee.:s;uGh-stringent 

10 conkfairits oh a processing 'unit intended for interri^^^ : 

The cdniiection medium corinecting the first ^d second^ signal prQcessing units 

may be any suitable c'ohritetion telecommunication signals at the 

second frequency between the first and second signal-processingoinits. However, in 
preferred enib'odiments,' the* connection medium is^ a- cable over: which signals at the 

15 second frequiency are* piEissed;''^ Pi-'^ferably, the ' cable 'is a.: coaxial- cable. -The 
attenuation 6f 'aS4^~n^r transmitted over' a coaxial cable increases witih -the frequency 
~ of tKe signar - TTHis' ckn'be compensated *-t6 s6me eXtent'by appropriate amplification 
of the signal prior 'to its ttafemi^sibn over th^'^c radio frequencies 

used for coriimunications over the wireless lihk^bet\^^en/ the central .terminal and the 

20 subscriber terminal', which are bf the order of Gigahertz, the coaxial :cable has been 
found' to attenuate' the signal to an unacceptable level. However, by appropriate 
choice of a second frequency which is lower than the frequencies used over the 
wireless link, it has been found that a coaxial cable does provide a suitable medium 
for transmitting signals between the first and second signal processing units. This is 

25 a significant advantage, since coaxial cable is relatively cheap, and hence the use of 
coaxial cable to pass signals between the first and second signal processing units helps 
to reduce the overall* cost of the subscriber terniinal. ' A further advantage .of coaxial 
caSle is that it is also ieasy to terminate. 

In preferred embodiments, the second frequency comprises a downlink second 

30 frequency for signals passed from the first signal processing unit to the second signal 
processing unit and kn uplink second frequency -for 'signals^' passed' from the second 
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signal processing, .ekcuk !to. tlje first signal processing circuit. It will, be appreciated 
• by those skiUed.in ihe;:ari that many different frequencies may be .qhosen for the 
downlink second-frequency and the uplink second frequency, dependent on the 
properties of the-iconiiection medium used to pass signals ai the .second^ frequency 
■5- : between the first- and ..second signal processing units. .. Howeye^, in preferred 
- . • embodiments.the downlink .second frequency is centred 0A935NtH^.,.ai?d^tte 

• • sfecbhd frequency, is. centred on .SS^MHz.. , 1" t^. Prefpri;ed. em|)Qdini?^^^ the 
present invention, the sigft9l5 .^ia8Sgd,.bgty«se^.-|a»e .first ana.sec.ond signal processing 
;unrts are sp'read-spectrum signals, .and in- su.ch,ca?es the dqwnlink second frequency 

10 preferably has a frequency range,o,f 915.75 to,954.25MHz, whilpt the uplink second 
. -.• . frequency- preferably has a.irequency; range.of -815,.7^ to,854,25MHz. It has been 
. . found/that.a.xoaxial-cablt-ofCer:S s^fm& -.^o^f^: 5?^:*! .W^sion of 

Signals -atr such Ifrequei^ies.::.. . ' . . • 

: f.:;- riihe.seeond.&equen?y.inay.t^echpsea^^^ 
•■■l-S •.t'eleeoramunications equipment for transmitting aijd .receivii)g.^signals. . However, in 
.preferrBd/embQdiments..the:secondfrequeneyisaa . 

• .c. signal: processing unit. comprising 3iradjp,ipod?rn cjrQuit ananged tp,,proyess a signal 

• -received via-the ..connect-ioR, medium,, at, frequency to.generate, 
^ :baseballd^signal..fo^:passing Ao;.thejtem.o.f telecommunication^ to 

.:-. -20 •:.:process.-a baseband signal from the item of telecommunications. equipment to generate 
a signal at. the intermediate frequency for outputiing to the first signal processing unit 
via the connection medium. This approach ensures that the same secoiid frequency 
. can be chosen for all subscriber terminals,, irrespective of the actual 
: telecommunications.equipment connected to .the subscriber terminal. . 

• .25 In preferred embodiments,, the second signal. . processiiig circuit further 

• comprises, a customer. interface unit for interfacing between the radio modem circuit 
,-and the item.of telecommunications equipment. Preferably, the configuration of the 
customer interface unit is dependent on the item of telecommunications equipment 
.supported by the second signal processing circuit, whereas the configuration of the 
■ 30 radio modem circuit .is independent of the item of telecommunications equipment 
. .. •. jsupported.b.yth^seeprid.-sigpal . processing circuit. Hepce, since th^ second frequency 
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is in preferred embodiments pre-defined for all subscribgp, terminals, then the radio 
modem circuit can have exactly the same configuration*; irrespective of the item of 
telectimhunicatioiis equipment to be supported by the subscriber terminal, and 
irrespective'""6f the 'operating frequency band used.forthe wireless link between the 
5 substribef-'tennihai and the central terminal. ] ^ ■ r 

' -it'will be apparent that the. first and second signal processing units can each 
be provided with separate connections to a po wer - supply . .. However.,, in preferred 
embodiments / the firsrsigrialprocessing unit will generally , be. mounted at an elevated 
positibri' oh the extenor of a subscriber's premises, and then connected to the second 
10 signsil processing unit, which is prefei"ably located .within the subscriber '.s premises. 
Preferably, in such situations; the power required to operate the first, signal processing 
' uhit is'suppfied by die second signal .procesSijig unit-.^- Further, to reduce the amount 
of wiring' which needs to plass between the first and second signal processing units, 
' theiri iri'preferred embodiments the power is. supplied to^ the first signal processing unit 
15' Via the conhectibn niedium? iri-pref erred iembodinients . the connection rnediujn being 
a coaxial cable.' ' - v-"^* - ar, l.o::. , yr 

' ' ' diven that- in accordance -with the present; inventipnv two. sepsirate signal 
'■■ ' proceissing units are provided,"'then if will .be; apparent tha^ for 
certain control information to be passed between the two units during .their operation. 
20 Hence, in preferred embodiments, a communications link is -provided to allow control 
signals to be passed between the first and second signal processing units. Preferably, 
the communications link is established over the -connection medium, and the control 
signals are'issiied at a predetermmed frequency distinct from said second frequency. 
As an exaniple 'of the control signals which may be transniitted via the coimection 
25 medium, the second signal processing, unit may send a control signal to the. first signal 
' processing unit to mr'n the transmit circuitry within the. first signal processing unit on 
or off. Further,- the "first signal* processing unit may send a. control signal to the 
' second signal processing unit providing information about the transmit power level 
' currently being used."-' * • 
30 ' " The first signal processing unit may be provided as a separate component from 

*' ' *\the antenna, this providing for a^greater flexibility oyer .the choice- of the antenna. 
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However, in one* eiiibMirnent, the first signal processing, unit and the, antenna are 
infegi-^ted into a singfe housing. This provides a neat packaging, and would typically 
include a fairly standard' specification antenna suitable; for most deplpytnents,. . 

It \k iifteffded trfat'* the -subscriber terminal of .the .^resent invention my be 
5 connected to one or more items of telecommunications eqiiipm^nt. Hfncevth^. second, 
signal processing unit /may be associated with/ more, -than .one item of 
teleconuTiunications equipment/ ■ ■; > r.: ■■■ . . ^ • , . „ . .^^^ _ 

* Viewed' from a''S6c6n'd aspect, the: .present invention provides. .a >first signal 
"processing unit for a subscriber terminal j according to the fir$t aspect, of thp present 

10 ' ' inventioh; the first' sigfiaV processing unit being associated with an -iant^^nna to^tr^nsmit 
^ and rfeceive ^signals over' the 'wireless Knk at first frequencies .within. .an,-c?i)erating 
frequency 'band, aha%^ first •sign^lprocessing.wnit cQmprisinjg avfrequpncy converter 
for cohveiitihg iigriSlS between: said iirst frequencies and^a second frequency,^. 
' - ' — N^iewed from- a thirds aspect, ;thev present; invention provides. .^ second, signal 
15 processing'unit for a 'subscriber , terminal the firsrasp^ct of the present 
invention, the second signal processing unit being associated with. an. item of 
■ " * telecoHimianicatibris -"^ e^^ ' to ;:,pass.vf,signals. -between. ,^aid item of 

' teleconirriurticatioris^^e^^^ firstcsignal. processing unit, the. second signal 

' ' processing unit being fornied from signal processing circuitry which is. independent 
20 'of the operating frequency band. 

Viewed from a fourth aspect, the, present invention provides a method of 
communicating over a wireless link, with a central terminal of a wireless 
telecommunications system, comprising, ithe steps of: providing a first signal 
" processing unit- associated with an antenna to transmit and receive signals over the 
25 wireless link at first* frequencies within an operating frequency band; converting, 
- Within' tht first signal processing unit, signals between said first frequencies and a 
■ second frequency; providing a second signal, processing unit remote from the first 
signal processing unit and associated with an item of telecommunications equipment 
to pass signals between said item of telecommunications equipment and the first signal 
30 processing unit; forming the; second signal processing unit from signal processing 

• • ■ cirtuitry 'Which' is '^independent, of the operating frequency ...band; , and passing the 



BNSDOCID' kWO 9927720A1 I > 



Wb 99/27720 



10 



im rFCT/GB98/0J420 



" signals between the first signal processing -unit and thfb:seconci signal processing unit 
at ithe - second frequency via a connection medium CQnnecting the. first and second 
signal processing units. --."^i-- 
BRIEF DESCRIPTION OF THE DRAWINGS ^.j^ r ^r^ . 
5 ' • '^The prese'ntirivention will be described- further v by-way of example only, with 
' reference . to a preferred embodiment thereof as . illustrated, in the accompanying 
drawings, in which: "- • - '•- r^.r.; ^* • • - i; • : . 

' ' Figure P is a schematic illustration of aia .example; of a typical . prior art 
subsctibeir 'terrhihal; ' '.-v.. ; • ^^r.; -w /r , , _v 

10 Figure 2 is a schematic overview, jof.- an->::e^ample. of. a wireless 

telecommunications syste^ni -in whidh the present inyention may .be. employed; 
' ^ Figure 3 is an • illustfation df-an* example . of a plan for the 

felecbiiimunications system of Fig • n-.-in r . .< • 

' Figure 4 is a schematie block diagram of a sujbscriber teminal in accordance 
15' with preiFerred embodiments ^6^^^ . . .i . ' , . 

^ ' ■ ' Figure 5 Is a tireuit ditagram illustrating^ c^ 
*' the subscriber terriiinar of f)fef^rred 'embodiments; v . ' - . ; ^ - 
* ^ Figure 6 is a block diagram- illustratingi t 

modem unit of the subscriber terminal of preferred-embodiments; ... .: .r, , 
20 • Figure 7 A is a- circuit diagram illustrating, the components within the radio 

modem card used to perform IF processing in accordance with preferred embodiments 
of the present invention; , . 

Figure 7B-is a block diagram illustrating the main components of the CDMA 
modem withiii the radio -modem card which is used to control the circuitry of Figure 
25 ' 7A;' ^" • • - . . . ^. - 

Figures '8 A arid 8B* provide more detailed illusir:ations . of -portions of the 
circuiti-y illustrated m Figure 7-; 

Figure 9 is a diagram illustrating the spectmm utilisation of the drop cable 
used in subscriber terminals of preferred embodiments of the present invention; 
30* Figure 10 provides a more detailed illustration of the serial communications 

controller illustrated in Figure 7; and -i : . . - r ; 
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'Figure rr Hluslfates'the use of a receive signal strength meter that may be 
* used in embodimentSi^of the present invention to assist \n antenna a^lignment during 
installation of the subscriber terminal. ... ...... 

DESCRIPTION O F PREFERRED EMBODIMENT . , ^ > ' . ; j ] ' 
5 ■ ' • • The preseht invention may.be used in connection with any^ 
• ' telecommunicatibn's* -signal, for..example»a' telephone ^signal, .a yideo^ignal, or data 
signals such as those used for transmitting data over the , Internet, .ani.ija order to 
support new technologies such;^.as:bixi).adbaad, and video-on-demand technologies. 
However, for the purpose of describing a preferred embodiment of ,the present 
10" inveiition, a wireless^ telecommunications system will be considered that is used for 
•handlmg^telephoriy ' signals , ^such . as)POiES (Plain Old Telephony Service)^ signals . 

For -the- purposed of - describing j-the subscriber terniiijal of preferred 
embodiments of the present inventidh; a.\yifeless telecominunic^tipns^system will be 
' * ' ' discussed ift- which a 'central . statiojn.iS coiMiectedrto the .public telephone netwprk and 
15 exists to relay messages ^rom^subscribe^s an die-,cell controlljeiby the central .station 
to the public telep'hone'network;f and. Yifijatryprsa;...Fjigure,2 is schematic overview of 
an example of such a wireless* iteieQQms>HHi?aiipns. system. . ThiC^ telecommunications 
' ' • ^'^ysteni'MIudeSf'ene'^^^^^^ 16, each.of which is served by 

a respective -central teFmmal:(€T) IQ-w^ich establishes, a radio link with subscriber 
20 • ' temiinals (ST) 20 withia the area concerned. The area which, is covered by a central 
terminal 10- can vary. For example, in a rural arqa with a low; density of subscribers, 
a service area 12 could cover an area with a radius of 15-20Km. A seryice area 14 
in an" urban environment where there,.is .a .high density of subscriber terminals 20 
might only cover an area with a radius of the order of 100m. In a suburban area with 
25 an intermediate density of subscriber terminals, a service area 16 might cover an area 
'with a radius' of the order of IKm. It will be appreciated that the area covered by a 
particular central terminal 10 can be chosen to. suit the: local requirements of expected 
or actual subscriber, density, local geographic considerations, etc, and is not limited 
to the exanlples illustrated, in Figure 2. Mpjeover, the,. coverage need not be, and 
"30 typically will not be* circular in e?;tent due to antenna, .design considerations, 
geographical factors, buildings and. sa on, - which .will affect the distribution of 
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transmitted signals. ' •. • • ■• 

The central terminals 10 foir respective service "areas 12,. 14, .16 can be 
connectefl to each other by means of links 13, 15 and ^17 which interface, for 
. example, with a public switched telephone network (PSTN) 18: The links canjnclude 
5 .conventional telecommunications technology using -copper-wires, optical fibres, 
satellites, microwaves, etc. ■ :. , . •;: ^ ^ 

The wireless telecommunications systfeni of Figure 2 is based , on 'providing 
fixed radio links between subscriber terminals 20- affixed locations within. 21. service 
.area (e.g., 12, 14, 16) and the centrartetrninal' 10 for that service:area. In one 
10 ; embodiment, each subscriber terrhihal 20 is provided witli ai pennanent fixed access 
li^ to its central terminal 10. However, in lalternMtve embodiments; demand-based 
access could be provided, so that tKe niiihber of subscribers which tm be serviced 
, exceeds the number of teleconiniunicafio'ns links which' tan c^ active. 

The wireless telecommunicatioriS 'between a* eentrar 'terminal 10 and the 
15 subscriber terminals 20 could operate on various frequencies.- Figure S illtisirates one 
, possible example of the frequencies which could be used. In the present example, the 
wireless telecommunications system! is intended to operate in the 3.4-3 ;6.G7Hz Band. 
In particular the present example is intended to' o'pe^ra^^ the ©and / defined by the 
. CEPT SE19 Recommendation. Figure 3 illustrates the frequencies used for the uplink 
20 - from the subscriber terminals 20 to the central terminal lO^and for the downlink from 
the central terminal 10 to the subscriber terminals 20 in preferred embodiments. It 
will be noted that 12 uplink and 12 downliiik radio chiannels of 3:5MHz each are 
provided about a frequency of 3502MHz." The spacing between the receive and 
transmit channels is lOOMHz. 
25 Hence, a frequency channel will be defined by one uplink* frequency plus the 

corresponding downlink frequency. Techniques such as 'Code -Division Multiplexed 
Access' (CDMA) may be used to enable a plurality of wireless links to subscriber 
, terminals to be simultaneously supported on" each frequency channel. 

Typically, the radio traffic from a particular 'central terminal 10 will extend 
30. jnto the area covered by a neighbouring central terminal 10. To. avoid, or at least 
to reduce interference problems caused by adjoining- areas,' only, a limited number of 



PCT/GB98/03420 

WO99/2K720 ' . ■ ' ' ' 

13 

the available frequencies ^vill be used by any given central terminal 10. This is 

• . discussed irfmor.e.detail.in GB-A-2,301.75I, which also provides further details on- 

CDMA encoding^decQding. and on the signal processing stages employed m the 

- - subscriber tertniRals, andxentral terminal to manage communications between them. 
5 Having described a wireless telecommunications system in which a suoscnoer 

terminal in accordance with preferred embodiments' of the present invention may be 
; employed, the subscriber terminal of preferred embodiments wiil now be described 
.. .^further with reference JO Figureji: w^^ 
■ components of the subscriber tecrrfinal. .. .. 

10 . m preferred embodiments, the functionality of the subscriber terminal is split 
..between^outdoor and indoor unit,. Hence, an RF block liO is provided which is 
. - ... typically mounted. on, the exterior of a subscriber's premises, preferably thfe RF block 
110 being-mountedin.pWity:to,.a,~^ unit 100 used W transmit and 

. ■ . , receive:wireless telecownications signals^ The customer antenna lihit 100 is then 
.^5.. competed tp the RFhlock 110 via at, RF antenna cable. 105. ' AUhoiigh the RF bK>ck 
1,10 and. customer antenna .unit.,ipP^.are Ulustrated in Figure 4 as separate units 
. . . connected by ah at^tepna cabl,,1^5,it wilfbe ap^^^^^ skilled in the art 

- . «.if Mantenna.u^:c^ be mt,grated within the RF block 110 so as to 

• • .. •.■provide. a single unit for mountirig on the exterior of the subscriber's premises. 

. 20 . ^ In preferred embodiments, all of the.electromc' circuitry which is dependent 
. on the operating frequency .band used for the wireless comn^unicatidns between the 
subscriber termmaland the central terminal is located within the RF block 110, the 
■ purpose^of the RF block 110 being to translate received downliiik signals from the RF 
frequency to a standard intermediate frequency suitable' for' transrhission to the 
-25 .customer;.modem„unit 130, and .similarly to translate received signals from the 
• :•. -customer.modem unit. 130 at a standard intermediate frequency into an RF uphnk 
. , si-nal for transmission from the customer antemia unit 100. 

. . The RF block 1 10 and the customer modem unit 130 are comiected via a drop 
cable m,. the drop-cable 120 preferably being provided by a coaxial' cable. The 
, 30 customer modem unit 130 incorporates; a CDMA modem operating at a fixed 
. intermediate frequency, and also includes the electronics required to ihterface to the 



BNSDOCIO <WO 9927720A1_I > 



wo 99/27720 



14 



0EVx?CT/GB98/03420 



one or more items of telecdmmunications equipment totmeefcd to -the" subscriber 
terminal. ' In preferred embodiments, the customer modem iihit 130 is located within 
the subscriber's premises, for example close* to the itein(s> -of- telecommunications 
equipment.' Hence/ an item of telecommunications eq[uiprnent**130 is connected to the 

5 customer modem unit 130 via a lead 155:* Further,'the' customer -modem unit is 
preferably connected to an AC adaptor 140 via a DG power supply table 145, the AC 
adaptor 140 providing power 't6 the custdhier^^odem unit 130. ^ 

Under the rdevarit legislation in many countries, it -is bftbn required that 
teleconimunications' equipment opeVatihg ''Via '^'wireless •lin^^ with a 

10 ' separate source of power so that the telecDniniunidatrons equiprheni can' be used in an 
emergency, even in the event of a ^dsver cut disabling 'the *main'sourcef of- power to 
the equipment; Hence, in pfeferted ''^ilifeodimerit's a ' battery bit kup unit is 
incdipbrated within the customer' modein linit,' for example a lead- acid battery. 

" The circuitry within the RF block' 110 wfll a^lso require' a source* power in 

15 order to' operate^' and in preferred embodiments,- thc'riecessary- power- is provided 
ifrom the customer modeni unit 130 via the drbp cable 120.^' - 

The architecture . iliustfafed in Figure 4 enables' a riiirribei^ of cost "reductions 
to be made. For example, if th6 anteilnk'' WO w the RF 

block 110, then this would result in a neat packaging, but woiiild- f eiqiiire that the 

20 antenna be "designed for universal ddpldyment! This typically^ meains designing an 
antenna with as high a gain as possible, contributing to* expense. - However, by 
retaining the antenna 100 as a separate unit to the RF block i lO, then the subscriber 
terminal can be equipped with a lower cost "regular" specification antenna which 
would be suitable for most deployinerits. " Then, in situations wK'ere signal strength 

25 is unusually low,' the subscriber terminal could optionally be equipped with a high 
gain antenna, for example as a cost option to the subscriber. This approach increases 
flexibility, arid enables a lower cost antenna to be used* for most situations where that 
antenna will be sufficient. 

The subscriber terminal of preferred embodiments will preferably be provided 

30 with an antenna which is significantly smaller and lighter than the combined 
antenna/customer radio unit* used in the 'subscriber' terminals of the prior an. By 
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using a smaUer;;,ai^4 lighter antenna, fewer restrictions on location and mounting 
hardware- are present,. For example, since the unites sniailer than that used in prior 
art subscriber terminals, it is more suitable for pole mounting ab9ve the roof line. 
. At.higher elevations,. ;^e increased receive signal will offset any lower antenna gain 
5 J resulting from -the. \ise of a smaller antpnna. 

■The antenna design and/pr technology choice changes with frequency. When 
designing for a new operating, frequency band, changes, in the .antenna design are 
./- likely :ta result in changes in the. subspriber terminal rnechanical design and/or 
. ' packaging, resulting in a Jarge rjiumber of manufacturing variants. If the subscriber 
1-0 . „ terminal mechanics cannot be... changed, , then antenna performance may be 
^ . ;. . CQnipromised.;j^HoweYer, iht subspiber terminal of preferred embodiments of the 
present invention alloNvs the optix^n of prpviding.a readil); available antenna for a new 
- operaping jfreq,ueiicy..b^ justifies altering the design of the 

• , subscriber .terminal. Hence ^ it, win bC: pojssjble to readily provide a subscriber 
15 te..rminal thai-will operate ia.^ .different RF operating frequency band. . 

Apart from^ the above described- cost reductions that arise . from the RF 
. ;'.:blocK/ anterg[i2\'r architecture,, a nuipber of other cost reductions can.be realised as a 
1 rjesult. of, -employing .the. arqhitectiir^, illustrated in Figure 4. , For example, since all 
. : of th^e operating frequency band sensitive components are preferably restricted to the 
.20- RF block 110, then the modem within the customer modem unit 130 operates at a 
standard intermediate frequency for all RF operating frequency bands. Hence, the 
customer modem unit 130 may be manufactured in large volumes regardless of which 
operating frequency band the equipment will., operate in. Subsequent design 
.modifications would then preferably.be restricted to the RF block 110. 
^25. . '-The drop .cables used, in .the prior art subscriber terminal, such as that 
; illustrated in Figure 1 , typically would comprise a high specification screened five- 
. . pair cable. .This cable is expensive,. as are the connectors required to terminate the 
cable and protection networks. However, in preferred embodiments of the present 
invention, a simple coaxial cable is used to carry power, control and IF uplink and 
30 downlink signals between the RF block 110 and .the customer modem unit 130, 
' ^ . .thereby removing the, need for costly .cable and connectors. 
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In preferred embodimems, the customer interface anjel radio .modern functions 

• are separated within "the customer modem unit . A fcadio : modem card is provided 
which is designed to operate at a standard IF. and. to. present :a fixed interface to a 
custonier -interface card. The cusromier interfaGa «.caj;d :iis: then: dependent on the 

5 pafiituiar -iteni(s) of ''telecommunications equipment* supported by- the subscriber 
•terminal. 'By' this arrangement, the^radio modem card, will, operate.with.any customer 
• interface variant, and so the radio modem* card can be manufactured Jn high volume 
with a design that is independent of the telecornmunicationsiequipment supported by 
the subscriber terminal , thereby pro v id ihg*cost! savings;; LPrefefably customer specific 
10 ' ' variants of the customer interface card niay be developed ias: and wheii. required, jand 
such design changes in the ciistomer interface ^card wiU: nor require- re-qualification 
of th&^radid modern card. Furthermore;- any. cost reducfioii.of the iradio modem card 
' arising through higher integration' i^of . the -^cpmpcments W;iU - not ^ in: preferred 
^ ' ^ embodiments requife -design Changes -in the customer ?ititdrfacet card. ^ 
i5' ' ' - 'In preferred embodiments, the AC adaptor: 14jC) used 'to. supply pQ\yer to- the 
subscriber ternfiiriaris S low cost ^-Ufi^ 18V. DC to the 

" * customer imodeni'uni^ fhe^RF- tflOck ;M0.. ; The emtomer modem unit 130 also 

in preferred embddirnerits ihcdipofates ^Mlow^xostr 2QW Lhr : l^d.Tacid^ : battery for 
■ backup in the event of a' mains failure. Power dissipation: and -henee battery cost are 
20 reduced in preferred enibodimerits by arranging, logic circuitry to operate, from 3:3V 
" where- possible, and for all circuitry not required when the; RF link is. nor in use to 
■ be powered down, including RF transmit, IF transmit, . baseband transmitvand codec 
circuitry. Further, the processors preferably exploit . power saving modes of 

* operation. ' ^ . 

25 ^ The low power dissipation results in further cost reductions by-easing thermal 

' management requirements. Further, since the outdoor. RF block enclosure- is smaller 
and lighter than the prior art customer radio^unit-, the mounting hardware can be 
lighter duty , and hence cheaper . Further, the indoor customer modem unit contains 
a significant proportion of the processing circuitry, and lower cost plastics and 
30 assembly methods can be used than were typically required for the* customer , radio 
• ' unit of prior art subscriber' terminals, sincei the: indoor environment requires less 
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mechanical integriTiy. ^-v - . - 

Having discussed some of -the benefits arising from employing- an architecture 
as set out in Figure '4, the RF architecture of the subscriber tftrmina^l pf preferred 

• embodiments will bdw,;ie- discussed in more detail. ./As previously^discussed with 
''5 refer-ence to Figure -4; the;RF architecture. is split bety/een indoor electronics within 

■ > ' • ^the/customer . modem unit ' 13a .that -up/.do.wn-converts baseband/ information to a 
" ' standafd3F bands and outdoor leleetroriics wit^^^ 
■ -'up/dowh-cdnvepsion to -RF... a^.v./ . ■: • 

J !. • Figuje 5 is- ivdiagram illustrating Jhe.arrangemenrp^cotnpqnents w-ithin the 

10 •'■ RE block- 110. biased tofconvert signals between, IE .apd RF. . Considering first an RF 
' • signal received by;tbe subscr.iber.terminaU' this .receive)! sigpal will be gassed via the 
•antenna'202 tO-an RF filten 2GG:;which isarrangedito only let =signalf with, frequencies 
' within -a predetermined frequency, range; •to;be.eu.tput: Ove.r path 204. .The;,RF filter 
200 and Rf -mter; 210 together form a duplex filtei,.>$lteFr2ip ,being of a, t^^^^ which 

• 15^ will aliosjv 'traiisniit sighalsroii, path- a0!6 .to. be..ou^t to -tlje, -antenna 202, whilst 

• preveivti^- received Rfiisignals being, passftdjifrom 

- ' ■ Similarly; the^RE'filteP 200 is io■f ,it.ype■^»hip;h:p^?YeI^tS;tra^^^ path 206 

• ■ being -prdpagated onto the)path-.204 whiist-aljowing F^cewed.signals via the antenna 
■ • 202 m be:.passed. to the path; 204 .. . In preferred, embodiments , the RF filter ,200 will 
20 ■■■ allow received downlink signals, with centre frequencies ranging from, 35.1 1.75 to 

•3550.-25MHZ to be passed . through the filter, whilst the RF, filter 200 will allow 
uplink signals with' centre frequencies ranging from 3ftn.75 to 3450.25MHz to be 
' passed through the' fdter. ; . . : 'c . . 

Hence, in preferred embodiments, a received RF signal at the antenna 202 will 
■25 - :be' passed through the. RF. filter 200 over.. path 204. to a switch. 240. In normal 
• opetation, the svvitch 240 is arranged to. pass the received signal to a low noise 
amplifier (LN A) 230. However, in a calibration- mode of operation, .whiph will be 
• discussed in more .detail later, the switch 240 , can be used to block out any signals 
received by the antenna 202, and instead pass a signal fro^i a calibrated .jioise source 

•- 30' •" 245- to the' LN A 230. , ,. ■ . \ - , ■ . .;, 

Once the signal has passed ^through the sw.itch.240, .it-is.amplified by the LNA 
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230 and further amplifier 235 before being passed^ ^to-^aji-attenuati^^^ network of 
' resistors 212, 214, 216. These three resistors 212, 214^ ana-2-16 act in combination 
to attenuate the received signal prior to it being passed tin to a filter 250. It is 
advisable to include Such attenuation circuitry 2 12^21 4';-' 21S" so as to ensure that the 
5' subsequent circuitry is not exposed to a signal having a 'higher power level than those 
components are designed for. Such' a high powered signal may, for example, be 
received at the aihtenna 202 if the subscriber terminal is placed particularly close to 
the central terminal with which it is arranged ta communicate'.- The • attenuation 
circuitry" 212, '214 and 216 then serves to ensure that this -initially received signal is 
10 atteniiated prior to its propagation through the' rest of the processing- circuitry . If, 
' subsequently, iris determined tliat tte atteiiiiation perf^^^ resistors 212, 214 

and 216^ is unnecessary, then' a cohb'ol signal €2' can be 'passed to a switch 220 to 
turn the switch bh krid thereby bypass' the aJttenuatiotf circuitry; - 
Once the sigiiai'has pkiied through the ^^^^^^ 
15 ■ "switch *120, it"is pasised to'a niltf'lSQ', Th^ 'filter 250' is arranged to' remove wide 
band noise generated by the LNA 230, by orily- allowing signals -withih a specified 
bandwidth centred' oh a" pfedetetbiinfed frequency to pass- through the filter. In 
' preferred embodiments, the b'andWidth Allowed is 42MHz, centred 
oh a frequency of 3531MHz, i.e. the middle of the- frequency -raiig^^ downlink 
20 signals passed from the antenna 202 through the RF filter 200. ' - • 

The signal output by the filter ' 250 is then passed to a mixer 260 via a 
matching network of resistors 252, 254, 256. The matching network selves to match 
the impedance at the output of the filter 250 with the impedance of the input to the 
mixer 260. The mixer 260 is also arranged to receive an input from an RF 
25 synthesizer 280, the RF synthesizer 280' being controlled by configuration logic 285. 
In preferred embodiments, the signal output by the RP synthesiser 280 to the mixer 
260 is at a frequency of 2596MHz. Ba^ed on two 'input signals at frequencies fj and 
fo, a mixer such as mixer 260 will produce signals at two output frequencies, namely 
f, + f 2 andf, - f,. " 
30 Signals output by the 'mixer 260 are then aniplified by an amplifier 270 before 
being received by a duplex filter comprising filter 290^and filter -295.* In preferred 
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embpdiments,..the-,fiker. 290 is arranged to remove the f, + f. component of the 
signals produced, the mixer 260, and to only allow the t\ --f, co^mponent to be 
• passed through tp.,the drop cable 120. Further, the filter 295 is ai:ran^ed to prevent 

• any signalsirfim tl^;amplifier-270 being.propagated. through io,thp R^th 305. Hence, 
5,' in preferred, embodiments, the intermediate,. frequency iised t9.. transmit received 

signals via the drop cable between .th,e .RF block , 1 10 and the customer modem unit 

• , 130. comprises the f, - f, .component generated by thg mi^er 260. from the signals 

r^eivedjfrom.both _th?,J^^ynthesizj5r,280.an(i the filter 250.. . .. . . 

, - . - epnsidering now signals to fee transmitted fro.i7i the,antenna 202, signals at an 
10: ; intermediate, frequency in. th^.raoge of .815..75 to.854.^MUz are_.prefe[ably geqerated 
; , -by the customer .modem, upit. 130. andj^^^^ oyer the drop xable ,120, .where they 

- are ..th^n;Teceived by, the duplex filter ,.290, 295.. The . filter. 295. is^ arranged to 
propagate sucji.s.ignals .oyer, ;tiie...|)at^ 305 to .an amplifier 310, whjlst the filter 290 
:p,revents such .,sigp,als. from .heing gassed-back thrpugh.the .qircuitry described earlier. 

15 . - The amplifier SlO.-ampyfies^.the signals ^d then passes them tq the mixer 320. via a 
matching. network .? 12, 3,14,^ 3 16. .Jhis, matching ,netwprk.. matches, the impedance at 

thp output- of the amplifier. 3.iq ^VA^^}: jl^R^^^P'^f: ?^';^^^ -z?^ ^^^^^ 

: , ■ : : The, mixer . 32Q; a^p..,i;eceiye? ,311. i^^^ fr.pm ..the RF synthesizer 280, in 

preferred., embodiments . this signal ^ being at .the. same frequency as the signal. 
20 transmitted from the. RF synthesizer 280 to the. mixer 260. The f, + f, and f, - f 

components generated by the mixer 320 are then passed, via another matching network 

322, 324, 326 and an amplifier 330 -to a filter 340. . . . 

The filter 340 is arranged, to p,nly allpw signals in a bandwidth of 42MHz 

centred on a predetermiiied frequency to be passed through the filter 340 , in preferred 
25 embodiments this predetermined frequency being 3431MHz so as to remove the f, - 
. ; ,. f,. component produced by, the mixer 320, Subsequent amplification of the signal is 

performed by amplifiers 350 and 360 to counteract the loss of the filter 340, prior to 

- , the signals being output via the switch 370 to .the filter 210, and from there to the 

antenna 202 for transmission. During normal operation, the switch 370 is arranged 
30 to pass the signals output ,by the amplifier .360 to the RF filter 210. However, during 
installation calibration procedures, ih.e switch 370 can be switched such that the signal 
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is earthed via the resistor 380 to prevent transmission; of-a test signal, generated during 
' » ■ calibration.. ' . . ^ - 

Further, the signal output by the amplifier 360; to the switch 370 is coupled 
via a coupler 385 to a diode 390. This provides an. indiAation 'P' of the transmit 
5 power of the signal, this indication 'P' being provided: to, a .serial communications 
controller 410 within the RF block 110, which then passes that information via the 
drop cable 120 to the customer modem unit . 130. ■ - 

■ The. cireuitr^y illustratedJn' Figure 5 ;is4ntended. for use in a' subscriber terminal 

* using the C'EPT.SE19'Recommendation;fQf .wic^less telecommunications, where the 

• 10 duplex spaciiig is lOOMHz. : However; other fduplex;spacings,: such.as HSMHz and 

94MHz, can easily be. accommodated by .intorjporating. an addijional fixed frequency 

• - syntheSizetV - ' ' ' : ■: ' . ^^ : .n 

* ' - In dtderfor tfie automatic frequency. control (AF.OUoop to operate correctly, 
the RF synthesizer 280^must.be phase locked to a 13MHz fregueney ;reference located 
15 -in Ihe customer' modem unit -1130. - This asrachieved: by» sending a 13JyfHz tone up the 
drop- cable from the customer modem unit, this tone then beiijg isolated using a filter 
4001\^^his -filter 400 -is -arra^nged^td altowi signals .within a baijdvvidth SOBCHz and 

• iehtVed ona frequeiicy of -13MHz: toibeireceiMed/by; fhei BP -synthesizer 280. 

Further, certain control signals" can be:passed' between the customer modem 
20 unit 130 and the RF bldck 110 via the drop cable. : To. facilitate. this, the serial 
communications controller 410 -is provided within the RF block 110, which is 
arranged to transmit and receive signals centred on a frequency of 455KHz. A filter 
420 is used to isolate signals within a bandwidth of 20KHz and centred on a 
frequency of 455KHz that are passed over the drop cable.from the customer modem 
25 unit 130 for subsequent processing- by the serial conmiunications controller 410. 
Further, signals emitted by the serial communications controller 410, at a frequency 
• of 455KHz will be passed through the filter 420' and over the drop, cable to the 
customer modem unit 130. Hence, the. serial communications -controller 410 allows 
for bidirectional communications with the CDMA modem in the customer modem unit 
30 130. The^ communications controller amplitude modulates a 455KHz carrier with 
- . ' binary data. In preferred embodiments, the/data transmitted .from .the RF block 1 10 
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'to the. GMU - 13® coitiprises transmit power level' (P) only. However, - preferably *the 
data transmitted from the customer modem unit 130 to the .RF:.:blQclc 110 may 
comprise the- follcwiitg: 
' r. ' Traft^mit on/Off control (Gl); ./ : ... 

' 5 - 2. • Transmit" calibrate control (G4); r. - . u' 

^3. ■" ' ReGeive ealibrace' control (C3); . v ... . - /, .r, 

4. Receive gain trim (loud switch) (€2); and . . , i..:': . 

' 51 ■ • "Receive signal strengthi indication ;(used in.iiistallation. inode). 
■ - ; ' /. . The ^ above control 'signals ; Cb .uto' , C4 ;are; then, output ^by . the serial 
10 ' cbnimuhiGati0fl^*contralter:41O.to the r^^^^ 110, 
- • ' as 'illustrated in Figure" Sv Further i/thfecTeceiver signal strength indication^may be used 
to drive LEDs 430 provided on the RF block 1 10 so as to provide a-jKisu^al indication 
of the received 'signal Istrength,. whichvi ^ be discussed; in jjiore detail later, is 
^ ' * ' useful during'ninstdirationc- Alteritatively> praaddinonally^ t^^^ strength 
15 indication may ^be passed' ta'a/DAC. 4^0. to geaerateanr^anal^ 
port ol the;. RF block 110; A device such- asr a voltmeier may tte^ 
^•dutput port t6 receive a^signatindicativejofithe/rece signal. :§tiiength;: . 
'I "^,.r.> .\in preiFerr^d' emtfodiments'^ Ihe poWer required jto operate the RJR block 1 10 is 
' ''-'- recJsived' via the' customer modem: iJ-nit 130:oyeF the drop cable 120. DC-DC 
20 converter 450 is provided . within the .RF. block I lOy to. process the received power 
signal in order to generate a regulated voltage for supply to the circuitry within the 
RF block. ^ . - ' V : 

The . customer .modem unit . 130 wiU-now be discussed in more detail with 
reference to Figures 6 and 7. As illustrated, in Figure 6, the customer modem unit 
23 130 comprises a^radio modem card 500 which is connected tp^the drop cable 120, the 
' radio modem card 500 communicating with the RF block 110 via the drop cable 120 
at an intermediate frequency.'. :The. radio modem card 500 incorporates all of the 
functions required to implement the baseband and IF parts. of the CDMA modem. 
As mentioned, earlier, the radio. modem card 500 is designed as a generic modem to 

• 30 • be manufactured in high volume independent of the. customer interface; The interface 

• . ' to the. customer. interface card 510 is d.e.sigi^ed to- support all anticipat,ed- applications, 



BNSDOCID- <WO 9927720A1J_> 



wo 99/27720 0I\ PeT/GB98/03420 

22 

including 1 to 4 line POTS, basic rate ISDN^Snd-Dt-2& data. A more-:^detailed 
. . deiscription of the radio modem card will be provided later with reference to Figure 

7B. - - . . ' 

: ^HKTcustomer interface card 510 is connecte.djo_.thy?Jiadio mode^ card 500, 
5 • and incorporates the foiid)ving functions: ' 

^ 1. A GPE interface, one or two' line POTS, orTSDN-.' -Preferably,' the POTS 
-r- -r,. -.:CPE, _ jji^ programmable digital signal processor (DSP) to 

, . : implement voice. compression, tone generation and detection. Llne hybrid 
balance and gain trim may also be implemented by a DSP, but alternatively 
10 . ./ could be implernented w^th. external circuitry ; 

2. :., A microcontroller, with tw.o full software images held in FLASH of software 
used to control the customer interface card, downloadable over the air or via 
• \ . : - .a .Local" Access Terminal (LATX port. A software image is a specific instance 
" ; • : i Qf a piece of softw^e, and providing two software images allows one to be 
15 . active^ whilst the othe.r.is in standby, thereby allowing the standby image to be 
. r : updated whilst the active irnage .is rurming; 
* 3.. . A Local' Access Te^^minal (L 
' 4. . .: A reset switch; ... * • 

. 5 . • An interface to the radio modem card 500; 
20 6. A switching power converter, a battery charger and a backup switch; 

- 7. ' An LED panel driver; and 

- 8. A smartcard interface. 

• . . 

As illustrated in Figure 6, the customer modem unit 130 also incorporates a 

- single lead-acid battery 530, this battery having a nominal output voltage of 12 volts 
25 for power backup. In preferred embodiments, battery access is via a reniovable panel 

on the customer modem unit. ..Flying or captive leads may be used to connect the 
battery to the customer interface card 510, which incorporates the battery charging 
circuitry and switching that is activated in the event of DC input failure. 

An LED panel 520 is also provided within the customer modem unit 130 in 
30 . preferred embodiments, this LED panel being used to provide status information to 
. * the user. - In preferred embodiments the following indications are provided: 
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- ' it^in^beappreciai^Wiho^^ 

used instead of the LED panel. 

Having described tte miin' eUtaeiti' of the cnstomer Bddem..uni, 130, the 
circuUty wi*in # tb piftenn IF processing w,ll now 

"lO be discmsed in detail with tefereiicc foTigW ' ■ 

• ■ ' • • J„„sidering firSt an Vf sig^^^^^^ 

the M block UO via the drop cibie 120, to signil Will be r«eiv«l by the duplex 
" flto Wi wi: 'The duplex Hlt^t is'artanged.uch thai the Alter 600 will allow-.-,h= 
IF signal to pass to the path 604, wiiilst the filter 605 will prevent *e signal passing 
15 to the path 602. Hence, the receiVei^ka, Is pSSed Via me p..h 604 to a vartable 
anenuator 640, prior to being passed on through an amplifier 630 to a mixer 650. 
The variable attenuator sib is contrdlied by the CDMA- modem within the radto 
modem car? (which wilrte discussed in more deuil later with reference to Ftgure 
7B) and is used to compensate for the losses iitttoduced by'the drop cable 120. 
20 ' The mixer 650 also receives a signal from a first IF synthesizer 665, which 

is referenced back 'to a I3MHz frequency reference oscUUtor 700. >Tbe oscillator 700 

■ ' ^ -controlled by the CDMA modem within the radio modem card 500 as part of an 

■ - ■ ■ ' Arc ioop. The ftrst IF syntheste 665 tnay be programmed to any one of twelve 

■ 3 5MHz channels withto the 42MHz band spantiing the range 815.75 to 854.25MHz. 
,5 >^ hence perforths RF channel selection. The f, + f= and f, ■ f. components then 
generated by the mixer ^50 are amplified by an amplifier 655 before be.ng passed to 
a SAW filter 660. The SAW filter is arranged to allow signals to a bandwtdth of 
3 5MHZ centred on a frequency of lOOMHz to be passed through the filter, and hence 
'ate SAW filler 66b'removes the f, + f, comf bne'ni produced by .he.mixer 650. The 
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3.5MHz SAW Tiltef 660 in effect isolates the RF channef -sblected by the first IF 

synthesizer 665. * . .... .. 

The' output frorri the SAW filter 660 is then passed; via a matching network 
672, 674, 676 to a variable amplifier 680, this ampiifi*eF-680-p6rforming automatic 
5 gain contror(AGC): The signal' is then passed to the-deriiodulator circuit 690, which 
performs quadrature demodulation to baseband I and Q components; The I 
component is then passed via ari ampiifier 694 to"a CDMA- demodulator within the 
radio modem card 500; whilst the Q coinponerit is passed via an amplifier 692 to the 
CDMA demodulator. 

10 A more detailed illustration of the circuitry 690^ is^providSd in Figure 8A.* As 

can be seen, the signal from the AGC kinplifier 680- i^-diVideli into two separate 
signals, one received by the mixer 702 and otie reed vfed'by ffie -mixer 7^^ "divide 
by 4" circuit is arranged to generate four lOOMH^' signals; phase 'shifted by -90° from 
each other, from a 4o6mHz sigMr giene^ated* by 'k second IF synthesi'z^^ this 

15 second IF synthesizer also being referenced back to the 13MHz frequency TCferehce 
oscillator 700. The mixer 702 receives one-of these lOOMHz signals and then uses 
its two input signalVtd generate* an ''T''c^^ Meanwhilei a -second lOOMHz 

signal phase shifted~by 90° is ' input fe-th'^ niixer-764raAd^ the'iftixet 704 then creates 
the "Q" component from the phase' b^lfted lOOMHz signal and fr6m the other input 

20 signal. ' ' ' * ' > ~' ^ : 

Considering now signals to be tra'nsmitted'by the subscriber terminal, the I and 
Q components of the transmit signal are first passed tHirough"' filters 730 and 735, 
respectively . These two filteirs have a bandwidth of 2MHz in preferred embodiments , 
and serve to extract the fundamental from the digitally generated signals. The output 

25 from the filters 730 and' 735 are then amplified by the amplifiers 740 and .745, 
respectively, before being passed to the circuitry 750. The circuitry 750 is illustrated 
in more detail in Figure" 8B. As illustrated in Figure 8 B, the r component of the 
signal is received by a mixer 752, and the'Q component of 'the signal' is received by 
a mixer 754. Both mixers also receive a signal from the first IF synthesizer 665, 

30 although the signal received by the mixer 754 is phase shifted by 90° prior to being 
received" by Vhe* mixer 754. As' mentioned' earlier, ' the first- TF*. synthesizer 665 
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•operates ■from.,815,75^to 854,25MHz and can be programmed to any one of twelve 
3.5MHz channels within the 42MHz band in order to perform.RF channel selection. 
•. The signals g^nerajecj by the mixers 752 and 754'are then passed to the combiner 756 
.where they arei:cpm}>ifled into.a-single sigri^^^^ . :- • . ^. : ^ • 
5. - - The.cpmbined,signal is theij tiassed via a matching networ^ .762, 764. 766 to 
... an afflplifier.775. The signal output by the amplifier 775, is then passed through a 
- : ...variable attenuator 780,, and, a matching network 7§?, 784, 786.; Then the signal is 
,. ■>agairi.passedj.hr.oug.h a vafiable Attenuator 795 b?.fqre being passed to an amplifier 

810. - .\.::...' •. /. . .. 

10. •■ a :;r:Thgni,.they-sig.nal:is.passed a variable attenuator 815 prior to being 

.. passed Qy9r,p^fe602,^aAe duplex f^ter 600, 605. , The variable attenuator 815 is 
;• • .mm^MSPmp^,^9h^^}pm ^ wi»,be introduced by the drop cable 120. 
. -The mpt'&i5.Mm.W^^'^.^'^^ °° P^^.602tQbeout^u;j)n to the 
,: . i. -.UtOV-.^p-m P^^yp^t? that signal ^om bein^ pro^^ated 911 

•15..- tolhe path 604. - . - - . . ,v v i:,.: . 

... „ .\ , . .Asalso iUustrated,in]ciguxe^7A.^?h^.l3MHz^ 

. the oscillator Mispassedtl^oughA.^ ''^''^'^'^ 
. ,.,ofl a-frequsncy,^%43MHz., Jh^ Qpfiwtp^^the' filter 82^ is then p^sed to the drop 
.. : . «abte l-20.fqr.transis^sioi>^over.the pble to the.RF block. 110. As mentioned earlier. 
20 in order for the AFC loop within the RF block 110 to operate correctly, the RF 
synthesizer 280 within the.RF block HO must be phase.locked to the 13MHz 
frequency reference generated by the oscillator 700 in the customer modem unit 130. 
, By sending this.,.1.3:MH2 tone up the drop cable, the required phase locking of the RF 
■ synthesizer can be achieved. , . . . ■ . 

. . 25 . . •• Further, as illustrated in Figure 7A,. a serial communications controller 830 
is provided to. allow low rate bidirectional communications with the Rlr block 1 10, 
.the communications controller amplitude modulating a 455KHz carrier with binary 
, data. This signal is then passed via a filter 840 having a bandwidth of 20kHz centred 
on a frequency of 455KHz.. and from there the signal is passed to the drop cable 120. 
30. The filter. 840:also serves to -isolate any control signals issued by the RF block 110 
.....and passed- over=.ithe. drop cable 120. to the radio mqdem card. 500. As mentioned 
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earlier, in preferred embodiments the RF block 110 may Tfor -example issue a control 
signal identifying the transmit power level: The filter. 840 then isolates. that signal, 
and passes it on to the serial conimiinications controller 830.^. - 

Also, the radio modem card 500 is arranged tb-^TpvideiDG power to the drop 
5 ' cable 120 for' transmission to the RF block 110 to power tfee RF block components. 

' - The CDMA modem within the radio iriodem card 500 which is used to control 
the circuitry of Figure 7A will now be described 4n more detail with ireference to 
Figure 7B. The G-E)MA inodem' of preferred'^embodimentS' essentiaUy c^ons^^ of a 
Digital' Sigriar Processor (DSP) 855 which i$ connected* to both a. CDMA modulator 
10 ' 850 and a -CDMA deniodulator 860. The RXI ^an'd:RXQ' signals generated by the 
demodulator circuit 690 are passed • fhrbiigh' ADCs 8:68::ahd &7(>, respectively, -prior 
" ' to being received By' t i . .; I 

r • • Tlie CDMA -dem^^ 
' controrbf the'DSP'855, and bu^uts flie received" data' (Rx data) and Teceived clock 
15 (Rx clbck) Signals to * the ciistbmer ' interfaee tafdt510v:'F^ the CDMA 

demodulator 860^ generates 'a -syl4chronisatidn (Syn synchronise 
varibiis circuitry within the 'dukbrher^ rribdem liiiit 130.- This Sync signal is output to 
the customer interface ca¥d--510"arid'iis- als^^^ 850. 
' ''' The CDMA demodulator receives- data (Tjt data), and clock tTx clock) .signstls 
20 from the ST's connected telecbnMhiinications equipmlent" via the: ciistoiner interface 
card 510. This data is then used by the CDMA modulator 850 to generate CDMA 
modulated I and Q signals under the' control of ^the ^DSP 855, these signals being 
passed through respective DACs 862 and 864 to generate the TXl and TXQ signals 
input to the circuitry of Figure 7A. ' - 
25 The DSP 855 has a host processor interface with the custoirief interface card 

510 to enable communications with the microcontroller On the customer interface card 
to take place. Further the DSP 855 can receive signals trom the CDMA demodulator 
860, such as details of signal strength used by the DSP during installation of the ST, 
this being described in more detail later. • . , . 

30 ' ^ The DSP 855 is arranged to geneirate the various signals used to control the 
circuitry of Figure 7A. Hence, the DSP outputs' signals to -a multiple D AC 866, which 
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then outputs the-A-FC / signal input to th? oscillator. 700 to perform .automatic . 
frequency control,: anQt-outpiits the TX_GC and RX_GC gain control signals input to 
the variable attenuators 780,, 795 and the variat>le ajnplifier 6j8Q:to control gain of the 
transmit and;receiye. sigjijals during, normal operation. , . r. • . . ^ 

5 ' • Further,! the . DSP... 855 generates the transmit xnabler(TXr^EI^) signal. used to- 
' ^control thexircuitry and amplifiers 775,, 810 to allow transmissioji-to take place. 

In- addition," during calibration^^of ,t.he, circuitj-y (.e,g. on installation), /the , DSP 855 
■ generates the TX^(20MPL 'and::;RXi*GQMP^^ signals used to . control -the . variable 
V - attenuators' 815 j^and 640,viijespectiyely., /tQ compensate: .fpc.^ the losses- i by 
10 ' '.transmission df rthe^ iQ)HiiJc land :dft\ynlink IF signals pver the drop .cable 120. .This . 
.process. will i)e ^described. in mofe.det^aU laten^^ ^ . . , >; . . , ... 

Finally, the DSP 855jis ^espgnsjbiler fpr generating: the various co.ntrol signals 
(SCC_:DATA)T)a'ss6d/to: Jherserial/CQi;^ con|trQilei:,83Q for; transmission 

. . over the drop cable 120 tO/lhe RF blpck/HO. AdditjorialIy;^.the DSP 8^5 :will jceceive / 
15- Via the serid:iConM[iunicatipns;gpntrpllerr:830 any control signals issued. by, the RE. 

block 110,^fox exai?iple> the transmit po^^ jj ;.. - 

'.:>:: . ' : Having :d^cnb.ed; the cir;G:uitry .of^the^RF^^ 1 10 and the radio niodem card 
- .1 5GQ, ibe. -signals^ pas^d^befiween thes^^ ^*i%,the drop, cable 120 will now be 

• - . discussed in more detail with reference -to- Figure 9, which, illustrates- the spectrum 
20- mtilisationior^the drop cable. As mentioned. earlier, the.drop cable 120 preferably 
comprises a two conductor coaxial cable carrying the following signals between the 
• radio modem card 500. aixd the RF. block 110: . . . 
: 1. Uplink IF spread-spectrum signal;; 
2. Downlink IF spread-spectrum signal; 
25 ' 3.. ■ l-3MHz frequency- reference; ~ 
■ 4. . 455KHz carrier data "link; and , . . . 

5. . .DG power, preferably .10 to 20 volts: • 
•. As mentioned earlier, elements of the RF. block. 110 are in preferred 
embodiments controlled by the CDMA modem on the radio modem card 500. Digital 
30 • \data is pulse position modulated on to a 455KHz carrier, this frequency being chosen 
• . due to ready- ^vailability-.-of ceramic .filters and r,esonators and because .it is not 
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harmonically related to the 13MHz frequency -reference' signal .(13/0.455 = 28.5714). 
In preferred embodiments, each data bit is sent using a line code comprising a start 
bit, data iDit and stop bit. The correlation between '.the data bit and the line code in 
preferred embodiments is as follows: " * : *. .i-yrj t;. 



... Data bit 


Line code ' 




^ . . , 100 






Preferably data is sent in packets as follows: ^ * 

* ' ' -rr i" . . "j . * • , ■ 


' • • Packet Element ^ i > rir 


u: / :r. . Number of Bits r 


Sync Header 


3 


• • ... Address ' . .- . . ■ 




Payload ^ 




... Parity;.. 





15 . . . - 

In preferred embodiments, the packets are time division, multiplexed every 
30ms. The CMU controller preferably acts as a pro.ipcol. master, initiating 
' communications every 30m,s. The header preferably comprises a . fixed sequence, say 
-001. Further^ the address, is typically set to . zero, for communication with the RF 
20 block 1 10, and a non-zero address is used for conimunications v/ith equipment other 
than the RF block, fon example a receive signal .strength meter. The p^ayload 
preferably comprises 8 bits and the packet is error protected with a single parity bit. 

Figure 10 provide^s a more detailed illustration of the serial conimunications 
controller 830 and the filter 840 illustrated in Figure 7. An oscillator 900 is arranged 
25 to produce a carrier signal at 455KHz. Control inputs passed to the serial 
communications controller 830 then _cause control data to be output from the serial 
communications. controller to a switch 910, the switch 910 pulse position modulating 
that data on to the 455KHz carrier signal . This signal is then passed to the filter 840 
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which allows a 'bandwidth of .20KHz centred on 455KHz to be output to the drop 
cable'120. ^ - , - . . 

For a control signal issued by the RF block 1 10, the filter &4Q will isolate that 
signal and then pass it to the diode 920 -which will rectify the. signal.. The rectified 
t ' 5 * signar is theirpas^aTo a' low pass filter 930 -which removes^ the 455KH2 carrier 
. .. signal. .The output from the filter 930 is then passed to^'a' comparator 940 where the 
' signal is compared with a threshold voltage to produce at the output a digital signal 

for passing, to the serial conununicahb^^^ The' S^erial communications 

^ controller - thenrruses this. signaLto. create, par.a^^^ cpntrpl putputs. 
10 The architecture illustrated in Figure 10 is also applicable to the serial 

. . . communications, ppntrp^^ 410 and the^filter 420 of tHe RF block 1 10 illustrated in 
Figure 5. The serial communications controller,. within. the 'RP block 110 may^ also 
i handle configuration -r::::;^^.-^-' 

— . - .Hayingjdei;prii>.ed.the subscriber terminal of preferred embodiments in detail, 

15 the installation of the subscriber terminal will no w-be ..discussed. Important aspects 
of the installation process are unit configuraTion a^^ 

• " * '•■ - B^f ore-an- ST becomes-operationaUxanfiguratian dau be entered into the 

' umt. As an example the following minimum infoftnation may be required: 

1 . RF chaimel number; . ^ 

' '20 " 1. ' PN' code; arid' 

' 3. ■ An ST identifier (preferably a six digit number).- . t 

Two options exist for entering this data; Firstly, if a LAT port is fitted, as 
is the case for the customer modem unit 130 of preferred embodiments illustrated in 
Figure 6, then' an external terminal may be used to configure the unit. . This technique 
' ' '15 would generally' be used for STs with ISDN or D128 interfaces. An alternative 
* approach is to use a telephone connected to the subscriber terminal, such an approach 
typically being used if the subscriber tenriinal is to be used for POTS signalling. A 
technique that may be used for this purpose is described in detail in the patent 
application GB-A-2,301,738. " • : .* 
30 ' Once the necessary configuration data, has been entered, then in preferred 

embodiments a c'alibratibh* step is performed to calibrate the. ST .with respect to the 
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signal losses introduced by the drop cable. The -teeh'niqiie used in preferred 
embodimfents to perform this calibration will now be .described with reference to 
Figures* 5 i 7A andVB.' " * ^ • : • 

Firstly, to calibrate the downlink path to compensate* for losses introduced by 

5 the dfop-cabie, the DSP 855 generates the- receive calibrate; control signal C3 on the 
SCC_DATA 'chknnel; which is then -passed by the serial commutiications controller 
830 over' the drop cabfe 120 to- the serial cbriununications controller 410 in the RF • 
block 1 10.' This causes the ^serial ♦ conunUriicat-ions controller 4J0. to :issue the C3 
signal to this switch 240? to cause- the calibratied noisd source, 245 provided -in the RF 

10 block 1 10 to' be switched into -the *downli'nk pa^:h. - Preferably*, rthis, calibrated .noise 
^source produces additive white Gaussian haisfr at a^ptedeteminined.poWer level. This 
Ifioise signal is' then passed through the- irieceiVe' path circuitry of JFigujrei-Si oyer the 
drop cable' 120', and "through" thB receive jJathcir'Guitry of. Figure 7A- to produce RXI 
and RXQ components which 'are butpiit to the 'GDMA dernoaulator;860*ofi the CDMA 

15 rhodeni illustrated in Figure tB. ■ ^- : ^ rr . r, ^ ' : v. = ^ _ 

'Here, * predetermined criteria- are s tored^ which the, 'calibtatfed-noise:. source 
should exhibit when received by the GDMA 'demodulator: 860 if the ^losses of the drop 
cable have been comperisated for/ By comparing'^tHe-^^ noise; signal with 

the predeterminidd criteria, the CDMA' derhoduWtOf can:det'ermihe whether- the. setting 

20 of the' variable attenuator 640 should-be incremented- or decremented. „ One example 
of the predetermined criteria which may be stored is the frequency, with which signals 
outside a certain ntmiber of standard deviatiohis from' the peak of the Gaussian signal 
should be received. Since the noise signal is digitised prior to being received by the 
CDMA demodulator .860, the GDMA demodulator tan be arranged to keep a count 

25 of the number of times the signal is outside the determined number, of standard 
deviations, and notify the DSP 855 if the number exceeds a* certain threshold,. thereby 
indicating that the setting of variable attenuator 640 should be: altered. , . 

When the DSP 855 receives a signal from tHe GDMAv demodulator 860 

identifying that the setting of the variable attenuator 640 should, be altered, it 

30 generates a RX_COMP signal for outputting to the variable attenuator 64.0 to alter its 
setting.' By appropriiate* setting of the variable attenuator- 640 *- the losses introduced 
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by the drop cable .in? tte vteceiVe path can be compensated for. . 

• To calibrate the -uplink path to compensate for losses introduced by the drop 
cable, the DSP 855 is arranged to instruct the CDMA modulator 850 to. generate, in 
preferred embodimentsv a calibrated noise, signal for transmission, througLthe transmit 
5 path circuitry of .Figurer7A ancj Figure. 5.. Tp avoid the noise signal. ^i^ing.transmitted 
from the antenna 202, the DSP; -855 , also generates ^a control. sigi)al ..C4 on the 
' SCC^DATA output, which.is passed; via; the seri9l^q9mmui^p^^^^ cpnt^oller. 330 of 

■ the -radio tnodem card '500 over v.the;;drppjcabla 120 to ;he serial cpmpiunicapons 

■ ' dontroUef 410 in- fheJlF . block, ther«l)y:'c%usi^^ the -serial conimunicatio;ns controller 
10 ' 410 -tb issue the C4jSLgnal to the switch ,3.70 to; ea^th the ^transniit signal. ,^ ^ 

- However;;. the coupler 3.85 .i^ rth?^ RE block: 1^ receives the transmitted 

iibise'^signal, and hence provides lajiandjcaj^^^ .of th^ ^r^smU power of the signal. 
This indication PA is^ provided; to.thei:serialxprnmui}icati^^ .controller 410 within the 

• RFblock^l^O, -which .then p^iss'es, that i^^^^ c^ble .120 to the serial/ 
15 communications controller 830 in the radio modem card .500. This,ciata is then passed 

• to the OSP^.855. via^ihe^SCG^DATA 9hannel,_ and:tbe t)5P cpmpar^sihe indication 
: 'P with-;a .predeterfnined;.:ydJu? to.^etgripirie .)v^5r^^^ variable 

* ^atftouator.815:shouM.be,>altere4^ necessary, then the DSP outputs a 
( suitable TX_COMP.r'Signal to. the variably attenuator 8^1.5 to alter its setting. -By this 
20 approach, the losses introduced by the- drop cable in the transmit path can be 

compensated for. ■ . . . • . , 

Once the necessary calibration steps have been performed, then the antenna 
: 100 of the subscriber terminal is in , preferred embqdiments aligned so that it is 
' p'ointing towards the central terminal with which it is intended to communicate. Since 
25- the antenna. is typically, mounted at an elevated ppsition on the exterior of the 
' ' subscriber's premises, then the. -engineer will generally have to climb up to the 
mounting location of the antenna and manually align the antenna unit. 

Where ai LAT port is fitted to the subscriber termirial, an external terminal 
may be. used to -monitor receive, signal strength and act as a guide . for antenna 
30 : : panning. However. . si^ice the ^LAT port, if any, will typically^ be provided at the 
. . -.customer modem; unit 1:30 ; located- inside the subscriber's premises, then such an 
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approach is very cumbersome if carried out by a single engineer, and so typically 
involves two engineers, one for adjusting the antenna,- and one for monitoring the 
receive signal strength. v l: . ' 

' ' Ih accordance with preferred embodiments of^ih'd present invention, a number 
5 of simplified options are available for aiding antenna alignment. AH of these options 
" ' require that the subscriber terminal be placed in a special fnode of operation which 
" * inhibits* normal operation. This could for example be achieved by entering a special 
cdde'iiito the subscriber terminal following- unit reset. The unit^ would ithen remain 
in antenna alignment mode tcr 'enable the^ inst^tllation-to-b^^ompteted < 
10 ' Th^ 'receive signal strerigcK is -measured "oil de-spread data in .the CDMA 
' * demodulator 860 within the custonier modem unit 130, wher^:the true'.signal power 
can be distinguished from access noise. One option for removing the requirement for 
' an extef iial tfenriinartb be fitted via the LAT port is to use the customer modem unit 
' LEDyLCD panfel to indicate rebeive signal stren'g^^ v^;Howev^,::this would still 
15 ' typically requir^ two eirgin^ers to perfo'hh the ^ihstalTatiori. ^ . • - 

' ■ ' Hence; an alternative optiori is to 'incorporate' LEDs into the RF block 110 to 

indicate' recetve signal strerrgthr^s was-discussed earlier witji' reference .to Figure 5. 
Since the RF block 110 is likely to fcJ^'lbcated very c3dse- t antenna unit 100, and 
indeed in s6me implementations both the RF block 1 10 arid the aiitenna unit 100 will 
20 ' be incorporated into the same physical device, then the engineer that is adjusting the 
antenna can also view the LED indication ori the RF block. Howfever, as mentioned 
earlier, the receive signal strength is preferably measured in the^CDMA demodulator 
within the custdmer modem unit 130. Hence, in preferred embodiments, the receive 
signal strength as determined by the CDMA deniodulator is then output by the DSP 
25 855 on the SCC_DATA output and transmitted back up the drop cable 120 via the 
serial connimunications link, and subsequently displayed bn the-LEDs of the RF block 
110. 

As illustrated in Figure 5, as an alternative, or in addition, to the LEDs, a 
DAC 440 can be provided in the RF block 100 to generate at an output port of the 
30 RF block an analogue received signal strength indication (RSSI). Then, a device such 
as a voltmeter can be attached by the installation engineer to provide an indication of 
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received signarstreng'thi , 

. Further, since, in .preferred embodiments the ST has already .been calibrated, 
prior to the antenna alignment process being performed, to compensate for losses 
introduced. by. the. drap. cable, the. LEDs or voltmeter can be calibrated to provide a 
5 ' direct reading of jeCQiv^d- signal strength to the installation engineer. . 
^' ' . Yet another alternative approach; depicted in .Figure, 11 , is, jto place a receive 
i " " . signal: strength meter 960 in line xVjith the drop cable . 120. < As, before, the receive 
• ' signal level is. tiransmitted up the RF block cable.u^ing the .serial comrnunications link, 
but in. .'.thisrinstance is intercepted b signal strength, level is then 

- 10 • * display ed. oil; an "LEP. or LCD .panel provided by the signal strength meter. When 
; - alignment is.aomplete; <the .meter is rempved^apd the .drop c^ble fitted to the RF block 

if. The main.^dv^ntage of pro vidipg either, indication mechanisms, in the RF block 
- ■ • or a: separate, meter e(ppnected to the.cablc ia.tte of the RF block^js that the 

15 signal strength .pani tie evaluated near the, ^LF blo.ck, thisreby enabliiig. the ST. to be 
• installed, by a. single person. Further, ..ii\ preferred embodiments, the indication can be 
. : .- catibrated-to give aidifect:.indicatipapf "f^de the^ampunt of dB variation 

■ ^ ' : before ^the.GOijunujjiQatipn^p . . 

^•^ • i .;.^ ; It will be appriCdated by those ^skilled in the art that the actual device used to 

- :.20 provide the indication of received signal strength is not important. ^Any type of visual 
. . or audible indication could be used as appropriate. 

i Although, a particular embodiment has been described herein, it will be 
appreciated that the invention is not limited thereto and that many modifications and 
additions thereto may be made within the scope of the invention. For example, 
'25 • variQus combinations of the feamres of the following dependent claims, could be made 
r * ! . with, the features of .the independent claims without departing from the scope of the 
present invention. 

• ■ , ' /'.V. 
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- - • CLAIMS • r-: - ; 

1. * A subscriber terminal for cornmunicating over a wireless- link. with a central 
terminal of a wireless telecommunications system, the sabscriber terminal comprising: 

5 

" * a first'signal'processing unit associated with-dn antenna to transmit and receive signals 
over the wirefess link at first frequencies within -ah ^operating frequency baiid, the first 
signaf 'processing uriit coniprisihg -a frequency 'converter; for. jconvertipg.. signals 
between said first frequencies 'and ■a'seeorid freqtiency;^- . :^ ' i '-x: r-.:-'. : 

a second' signal processing unit reniot'e from the 'first. rsigiiat:processing unit and 

associated With' aii item of telecomniulniications equipiiient: to pass signals: between said 

item of telecommunications equipment and the first signal processing unit, the second 
signal processihg unit being'' fo'niied frorri - signal- processing:, circuitry which is 
'is independent of the operating MquencyVandV/the signals^ being passed b 

first sigAal proc'ess^ing 'unit 'and the second signal- processing :unit_at the second 
frequency via a connection medium connecting the first and second signal processing 
units" *■ ' ' " ^'^^ rr.cj i^^-r:^ \ , 

20 2. ' A subscriber terminal as claimed* in Claim -4, wherein, the first signal 
processing unit is arranged to be riioUnted on the exterior of a subscriber's premises, 
whereas the second signal processing unit is arranged to. be located .within the 
subscriber' s premises . 

25 3. A subscriber "terniinal as claimed in Claim 1 . or;. Claim 2, wherein; the 
connection medium is a cable over which signals at said second frequency are passed. 

4. ' A subscriber terminal as claimed in Claim 3, wherein said cable is a coaxial . 
cable. ii' : . : 

30 

' ' 5. * A subscriber terminal as claimed in any- preceding claim, wherein the second 
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frequency comprises a downlink second frequency for signals passed from the first 
signal processing unit to the second signal processing unit and an uplink second 
' frequency for. signals passed from the second signal processing circuit to the first 
■ siana! processinff^ circuit. r 

5 

• ' " * : '6. ■ ' ' A subscriber terminal a3 claimed in any preceding , claim, wherein the second 

• •frequ'enay is an intermediate:fr.equency, the. second signal processing unit comprising 
• • -a-radio modeni circuit. rarrapged. tp process; a signal received via the connection 

medium at the intennediate -frequency ,tp,..gener^te a. baseb^^ passing to the 

10 item of teleconununications equipment, and to process a baseband signal from the 

iteta -of xelecoiinpunications equipniM^^^^ generate , a signaL at the intermediate 

' • ' -'frequency for'Outputting'.to Jlie fir§t.sigpal .proc^ss^ unit; yxB, the coimection medium. 

- — ' ' • J / '. ^ J . . : ' . <■•''.■', I ■ , . , - ■ . . . 

' 7. . ' A ^subscriber terminal as ;€la^^ Claim 6., wherein the second signal 
15 " ' processing: cffcuit.' further comprises iajcu^ ii^terface unit for Interfacing between 

• the radio ^oden[i^eircuit:and the fkem. of ^ 

8. A subscriber terminal as claimed in Claim 7, wherein the configuration of the 
customer interface unit is dependent on the item of telecommunications equipment 

' '20 ' supported by the second signal processing circuit, whereas the configuration of the 
radio modem circuit is, independent of the. item of .telecommunications equipment 
supported by the second signal processing .circuit. , . 

9. A subscriber terminal as claimed in any preceding claim, wherein the power 
=' 25 required to. operate the first sigiial processing unit is supplied by the second signal 

■• • processing unit. / 

10. ' A subscriber terminal as claimed in Claim. 9, wherein the power is supplied 
to the first signal processing unit via the connection medium. 

30 

: • It./ 1 :. A . subscriber. ..terminal -as ..claimed in., any preceding claim, wherein a 
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communications link is provided' to allow control signals* to: be* passed between the 
first and second signal processing units. ' - - t * :; . 

12. A subscriber terminal as claimed in Claim 11, wherein the communications 
link is established over the connection medium, and the control signals arerissued at 
a predetermined frequency distinct from said second frequency. ^ - : . : 

13. A subscriber terminal as claimed in khy'pfeeedihg claim, iwhereia^.t^^ first 
signal processing linit and the ante rm^ are iirteigrated-m to ^i>sinjgle.hous 

14. A subscriber terminal as claimed in any preceding claim, wherein the second 
signal processing" uiiit is associated wMi- rHofe-than'dif^item;^^^^^ 

equipment. ^ " ' : ■ - -v^ >r i i: : . ; , y/i :: - r - . ^^ 

15. A first signal processing unit for a subseribeY' terminal as: claimed in any 
preceding clairn, the first signal processing' irnit being associated: with an antenna to 
transmit and receive signals over the wirelessi^link- -at- 'first* ii^^ an 
operating frequency band, and the first signal processing unit comprising a frequency 
converter for converting signals between said first frequencies and a second 
frequency. 

16. A second signal processing unit for a subscriber terminal as claimed in any 
preceding claim, the second signal processing unit being associated with an item of 
telecommunications equipment to pass signals between said item of 
telecommunications equipment and the first signal processing unit, the second signal 
processing unit being formed from signal processing circuitry which is independent 
of the operating frequency band. 

17. A method of communicating over a wireless link with a central terminal of a 
wireless telecommunications system, comprising the steps of: 
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providing a first' signal, proce;ssing unit associated with an antenna to transmit and 
receive signals over the wireless link at fir^t frequencies within an operating 
frequency band; 



5 * convertings within -the first signal processing unit, signals bjetween . said first 



frequencies and a. {second frequency;. . 



' -providing a second, signal processing unit remote from the first signal processing unit 
and associated with an item.pfyteleconimunications equipment to pass signals between 
10 said item of telecommunications equipment and the first signal processing unit; 



.... ii - ; 



' " " ^^forming.the &econ(l. signal prgcessing. unit from signal processing circuitry which 
independent of the operating frequency band; and 



is 



''15- i3a^sing. the isignaHrbetween. the .-first signal processing^ unit and the second signal 
' processing unit.at«the second frequency via .a cpim niediuni connecting the first 
"■-" and second signal. prQcessing.junits..,^ _ ^ . 
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